Abstract: According to the characteristics of Sand-dust aerosol in northwest of China, the Sand-dust aerosol particle size distributions have been measured. A great deal of data have been collected in different weather conditions, which include background, floating dust, blowing sand, and sand storm. The rules have been found out through statistical analysis. Sand aerosol concentration is changeable in different weather conditions and process. During the blowing sand and sand storm weather, aerosol concentration changes a lot, but during the floating dust weather, it changes a little. The stronger the aerosol concentration is, the more the number of aerosol particles (d>2.5μm) is , and the more obvious changes occurs in the concentration of various diameter ranges. During different processes, coarse and fine particles have different contributions to the surface concentration. Through comparing the results, the wind speed is an important factor in weather conditions, and in different dust weathers, the PM1, PM2.5 and PM10 distribution different greatly.
photometer between December 2006 to May 2006, and analyzed the distribution characteristics of aerosol optical thickness in Lanzhou [10] . He Qianshan used the micro pulse lidar data of urban environment meteorological in Shanghai center from March 2009 to February 2010, reveals that the characteristics of vertical distribution in Shanghai dry and damp haze through the analysis of the aerosol extinction coefficient and optical thickness, and analyzed the influences of relative humidity on dry and damp haze [11] .
In the past, it is separated of sampling the different dust aerosol process, and the sampling time is relatively short. It was difficult to observe the whole process of dust weather completely. In this paper, we collected the dust particle spectrum data of March to April 2014, in Yinchuan, with different condition such as background atmosphere, dust, flying sand and sandstorms, statistical analyzed the instantaneous evolution characteristics in different weather conditions of sand dust aerosol particle spectrum, the proportion of the average spectrum distribution and different thickness of dust aerosol particles PM1, PM2.5 and PM10, and provides practical basis for numerical simulation of climate effect of dust aerosol radiation.
Instruments and data
Aerodynamic particle size and concentration distribution were measured by APS-3321 aerodynamic particle size analyzer. Aerosol particles can be restricted in the center of accelerated airflow by this equipment, measured the particle scattering of two orthogonal focused laser beam, and calculated the flight velocity of particle according to the measured time of flight. The velocity distribution of aerosol particles affected by particle size, smaller particles will get more speed, the calibration can be made by the relationship between particle velocity and particle size through styrene rubber ball [12] [13] [14] [15] . With the help of the above mechanism, APS-3321 can establish the relationship between particle velocity and aerodynamic diameter. The precision of the test equipment are: the total particle concentration of which particle aerodynamic diameter are greater than 0.37 µm, observed particle concentration range are from 0.001㎝
. By the analysis and calculation of each data, many important information can be concluded such as the aerosol number concentration, surface area concentration, volume concentration and mass concentration with the particle size distribution etc..
The sampling point was set in Yinchuan, Ningxia (latitude 38   o   14', longitude 106   o 16'), the sampling height was of about 20 meters from the ground, which is away from the sources of pollution. These conditions could reflect the situation of dust aerosols in Yinchuan. Instrument sampling occurs was be set in every 5 minutes and continuous sampling in observation time.
Analysis of dust aerosol spectral characteristics
Analysis of dust aerosol instantaneous spectral characteristics Dust aerosol can be divided into three types of dust, blowing sand and dust storm [16] . During March to April in 2014, the data of atmospheric background has been sampled once, in dust weather with three times, in dust weather of twice and sandstorm weather of once, which has be showed in table 1 . Figure 1 shows the changes of dust particle number and instantaneous mass concentration during sand and dust storm weather conditions. In Figure 1 , it is shown in a and b that the change of instantaneous number concentration and mass concentration were relatively flat in floating dust weather. It rises gradually to the maximum and then slowly decreases. With the small wind speed about 6.1 m/s at that time, the corresponding airflow exchange is slow. During the process of blowing sand (Figure 1 c, d ), the instantaneous number concentration and mass concentration fluctuate gradually; with the measured wind speed was about 10.8m/s. In Figure 1 , e and f showed the sandstorm weather particle spectrum distribution. In the initial stage of sandstorm, the dust instantaneous number increases to the maximum immediately. While in the middle of the process, the particle number concentration decline. At the end of period and after the expiration of a period of Time time, the number concentration remained at a high level. In addition, during sandstorm it was measured that the wind speed was about 13.1m/s, which means the wind speed is also one of the important factors determine the dust particle concentration. During the process of blowing sand and sand storm, the change of mass concentration and number concentration were quite obvious. As can be seen from table 1, dust generation is accompanied after the blowing sand and sandstorm. This is according to the decrease of wind speed, transportation of dust particles in the air is abate by wind, the air of dust particle concentration decreases, flying sand and dust storm slowly into the dust, and dust particle concentration is decreases, blowing sand or sandstorms turned to dust slowly. It is found that wind speed plays an important role in the state and motion of dust particles in air. According to the key effect of diameter less than 2 µm particles of aerosol, makes diameter of 2µm as the boundary to study the dust particles under different weather conditions (particle diameter d≤2.0μm) accounted for the ratio of the number concentration and mass concentration. Figure 2 shows that under different dust weather conditions, the different ratio of aerosol concentrations with aerosol particle diameter d≤2.0μm. This is because in the dust weather, although the number is smaller than the concentration of dust, but the wind speed in the dust weather is small, suspended dust in the air is mainly composed by the particles whose diameter are less or equal to 2μm. With the sandstorm weather, the wind speed is big, the majority of airborne aerosols concentrated in diameter greater than or equal to 2μm. In the end of dust and blowing sand process, the number of the ratio of particle diameter is less than or equal to 2 m particles gradually increased. At the end of sand and dust storm process, the particle number concentration ratio of particle diameter less than or equal to 2μm is close. This is because with the end of the dust weather, the wind speed becomes smaller, coarse particles will slowly subside; fine particles will be suspended in the air for some time.
a Floating dust b blowing sand C sandstorms Fig.2 Ratios of the dust particle number (d≤2.0μm) to total aerosol particle in different weather
Analysis of characteristics of dust aerosol average spectral distribution
Floating dust, blowing sand and sandstorm weather phenomenon is different. The main dust particles are the dust and sand, the visibility is less than 10km. In blowing sand weather, the dust is formed by blowing sand form ground; the visibility is between 1-10km. And the sandstorm is dust weather phenomena caused by strong winds, the visibility within 1km. The visibility is even less than 500m in the strong sandstorm [17] .
The dust is often occurs after the sandstorm and blowing sand weather, the number and mass concentration of dust weather is far greater than it in the background weather(almost at 4-9 times), and the average concentration of sandstorm is even 44 times the background weather.
a The concentration spectrum of average b The concentration spectrum c The concentration spectrum of average mass of average surface area Fig.3 The average spectral distribution of the four weather phenomena Figure 3 shows the average number of background air, floating dust, blowing sand and sandstorm aerosol particle concentration profiles are unimodal distribution. The peak of background atmosphere is around 0.7 μm, mostly concentrated in the region of particle diameter less than 2 μm, and it is almost zero with size more than 10 μm .The peak of floating dust weather is around at 1.1μm, mostly concentrated in the region of particle diameter is less than 2.5 μm. The peak of blowing sand weather is around at 1.3μm, mostly concentrated in the region of particle diameter is less than 5 μm. The peak of sandstorm weather is around at 1.5μm, mostly concentrated in the region of particle diameter is less than 10μm.
To the concentration spectrum of average surface area, background spectrum makes a unimodal distribution, the peak center is around 0.7μm, and in floating dust, blowing sand and sandstorm aerosol particles it were distributed as bimodal, the peak center of blowing sand was at 1.8μ m and 12μm respectively; the sandstorm peak center respectively in 2.5 μm and 12.9μ m, and the average surface area concentration profiles are rising, but not to the point where it falls low to 0, which shows that the sandstorm weather there are large particles, although the number is not so big, but still makes contribution to a higher concentration on the surface area.
To the concentration spectrum of average mass, atmospheric background spectrum shows a unimodal distribution, the peak center is around 2.8 μm, while in floating dust, blowing sand and sandstorm aerosol particles shows a bimodal distribution, the peaks center of floating dust are around 2.5 μm and 12 μm, the peaks center of blowing sand are around 2.5 μm and 10.4μm, and the peaks center of sandstorm are around 3.5 μm and 14.9 μm, By contrast, it is shown that with the sand and dust weather condition although the number of large particle size is not large and makes little influence to the logarithmic concentration, but it has great influence on the mass concentration. Moreover, from the average mass concentration spectrum, the value of PM2.5 is very large in the dust weather, which makes serious air pollution.
Concentration analyses of PM1, PM2.5 and PM10 in the process of dust weather
Solid particles or liquid droplets dust particle size is usually denoted as PM, particle aerodynamic equivalent air particle size less or equal 1μm in ambient air is PM1. These particle size can easily enter the lungs; and the particle size less than 2.5μm is commonly referred PM2.5. Those whose particle diameter less than or equal to 10μm is PM10, which is inhalable particles or dust. Overall, particle size less than 10μm with small particle size, are considered high toxicity, long residence time, distance transportation and other characteristics, has a tremendous impact on the air quality of the environment and people's health. As can be seen on Table 2 , with the background weather, the values of PM1, PM2.5, PM10 are relatively small, while the percentage of total mass concentration is relatively large. This is due to the wind speed is small in the background weather, the aerosol in the air are mainly fine particles, mainly composed with soil dust and industrial emissions, where human activities are the main causes. In the weather of floating dust, blowing sand and sandstorm process, the values of PM1, PM2.5, PM10 are increased, but the percentage of the total mass concentration is reduced. This is because in the dust weather, with the increase of wind speed, the quality and quantity of the coarse particles in the air particles increases, though mainly composed with fine particles, the proportion of coarse particles is increased, and the main source is from transportation distance of the dust. This indicates that wind speed is an important factor of aerosol concentration.
Conclusions
Based on the analysis of aerosol particle data under different intensity dust weather conditions in Yinchuan area, we can obtain:
(1) The evolution characteristics of dust aerosol concentration are different under different dust weather conditions. In the initial stage of sandstorm, the instantaneous concentration of dust aerosol suddenly rises, then shows a decline, however still keeps high concentration. During the process of blowing sand, the concentration increases and then decreases gradually. In the process of floating dust, the concentration changes slowly, rising to the maximum gradually and then slowly decrease.
(2) The average number of floating dust, blowing sand and sandstorm aerosol particle concentration distribution was unimodal type, the average surface area concentration spectrum was bimodal type, and the average concentration was bimodal type. The peak centers are different under different weather conditions.
(3) During the process of floating dust, blowing sand and sandstorm, PM1, PM2.5, PM10 value is increased, but the percentage of their total mass concentration is reduced. This is due to the dust weather, with the increase of wind speed; the quality and quantity of coarse particles were increase too. Though fine particles were the main part in the air, the proportion of coarse particles increased, and main source is due to the transportation distance of the dust.
